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Cosmic Rays and Problems 
of Space Physics 
From r e p r i n t  of unspecified 
o r i g i n  and date. ** 

S U M M A R Y  

by A. E o  Chudakov 
V, L, Ladykin 
V, I. Zatsepin 
N, M, Nesterova 

-- 

This paper descr ibes  the  experiment for de tec t ing  photons o r i g i -  
na t ing  from d i s c r e t e  sources of cosmic r ad io  emission. This  experiment 
is based upon the  r e g i s t r a t i o n  of extensive air showers by the C e r  nkov 
r a d i a t i o n  emitted by them i n  the Earth 's  atmosphere, w a s  c a r r i e d  out  in 
1960-1961.. The r e s u l t s  are given and dicuseed f o r  such sources as 
Cassiopea A, Taurus A (Crab Nebula), Cygnus A, and a f e w  others.  

* * 
It is es tab l i shed  at present t h a t  there  e x i s t s  in numerous r ad io  

emission sources  a r e l a t i v e l y  great concentration of high energy electrons.  
According t o  an e x i s t i n g  hypothesis, these e l ec t rons  are the product of 
i n t e r a c t i o n  of high energy protons and n u c l e i w i t h  the matter. 

The de tec t ion  of high energy photon6 i n  these sources would be a 
d i r e c t  experimental v e r i f i c a t i o n  of t h i s  hypothesis, Such photons must 
emerge at  i n t e r a c t i o n  of cosmic rays w i t h  nuc le i  of i n t e r s t e l l a r  gas, 
atoms a t  the expense of 3Co- meson formation and t h e i r  subsequent decay. 

Photons may be observed in the d i rec t ion  of the source, f o r ,  contrary t o  
the t r a j e c t o r i e s  of charged p a r t i c l e s ,  t h e i r  t r a j e c t o r i e s  a r e  not d i s t i r t e d  
i n  the  magnetic f i e l d s  of t he  in'terstellar medium. 

Dzh. Kokkoni c l ]  ventured in 1958 the  idea,  t h a t  i f  one determined 
the d i r e c t i o n  of the  cores  of extensive air showers of cosmic r a y s  with a 
prec i s ion  t o  -lo, it might be possible t o  separate  the  showers induced by 
primary photons a r r i v i n g  from d i sc re t e  sources  in the  c e l e s t i a l  sphere. 

0 POISKE FOTONOV VYSOKOY ENERGII OT DISKRET" ISTOCHNIKOV KOSMICHESKOCIO 

RADIOIZLUCBENIY A. 
** [It has been ascer ta ined  t h a t  t h i s  paper is from t h e  S iber ian  S S R .  1962~ 
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The Kokkoni e s t ima tes  of high-energy photon i n t e n s i t y  from c e r t a i n  

o b j e c t s  were found t8neoverrated. The subsequent t h e o r e t i c a l  estimates [21 
gave t h e  photon fluxes lesser  values.  

Despi te  t h i s  w e  attempted in 1960- 1961 t o  d e t e c t  experimental ly  the  

photons o r i g i n a t i n g  from d i s c r e t e  source6 of cosmic r a d i o  emission. 

The method of t h e  experiment w a s  based upon the  r e g i s t r a t i o n  of 
* 

extens ive  air showers by the  Cerenkov r a d i a t i o n  induced by them. I n c i d e n t a l l y ,  

t h i s  method w a 6  used by UE i n  a s e r i e s  of works i n  1953-1958 on the  s tudy  

of ex tens ive  air 6hOWer6. 

The observa t ions  were conducted in C r i m e a  a t  s e a  l e v e l  i n  c l e a r  and 

moonless n ight6  . 
The s e p a r a t i o n  of "photon" showers from t h e  genera l  mass of showers 

induced by primary photons and n u c l e i  w a s  based exc lus ive ly  upon the  a n t i c i -  

pated angular aniso t ropy  of primary photons. 
Y 

The f l a r e s  of Cerenkov r a d i a t i o n  were r e g i s t e r e d  by photomul t ip l ie rs  
disposed i n  t h e  focus of parabol ic  mir rors  w i t h  diameter of 150cm. Four 
such t e l e scopes  were u t i l i z e d  i n  1960, and i n  1961, i n  o rde r  t o  i q r o v e  t h e i r  

a p e r t u r e  r a t i o ,  t h e i r  number w a s  brought t o  12. The genera l  view of t h e - i n s t a l -  

l a t i o n  is shown i n  Fig. 1. 

F i g .  1 

The o p t i c a l  axes ef all the  te lescopes  were i n s t a l l e d  i n  p a r a l l e l  

and o r i e n t e d  toward t h e  po in t  of t he  c e l e s t i a l  sphere  through which the  
o b j e c t  i n v e s t i g a t e d  i s  supposed t o  pass during a time of -30 rdnutes. 
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Subsequently, an uniterrupted (continous) r e g i s t r a t i o n  of the 
i n t e n s i t y  of t h e  count of showere w a s  conducted in t h e  course of one hour, 

The same object  could be observed severa l  tines uuring the n ight  by merely 

"catching" the source by way of telescope r eo r i en ta t ion .  Later on, a l l  the 

results r e l a t e d  t o  the  given source were summed up. 

The an t i c ipa t ed  e f f e c t  must have consis ted i n  the increase  of the  

counting rate at t i m e  of ob jec t ' s  passage in the  v i sua l  angle of the teles- 

copes. The v i sua l  angle of t h e  op t i ca l  system cons t i t u t ed  22'. The addi- 

t i o n a l  widening by l o o f  the angular i n t e r v a l  i n  which shower6 are  r e g i s t e r e d  

may be expected on account of angular d i spers ion  of the l i g h t  flux. Thus, 

t h e  e f f e c t  of counting rate r i s e  should be searched f o r  within t h e  time 
i n t e r v a l s  of 20a-30minutes  in the caSe of observation of t h e  object  

Cygnus A, of 1 6 +  24 minutes i n  the case of the  object  Taurus A. 

t i o n  of shower6 from primary photons cons t i t u t ed  5 1&2 ev i n  1960 
3 ld-2 ev. in 1961, The counting rate of showers from the charged component 

of cosmic rays i n  a s o l i d  angle of '/ 300 
200 pe r  minute. 

The energy threshold of the i n s t a l l a t i o n  designed f o r  the  registra- 
and 

s t e r  w a s  respec t ive ly  of 80 and 

R E S U L T S .  - For a l l  the  objec ts  inves t iga ted ,  t h a t  is, Cassiopea 

A, Taurus A (Crab Nebula), Cygnus A and Virgo A, plus s e v e r a l  o t h e r  less 
powerful sources  of r ad io  emission, no s t rong  increase  i n  the counting r a t e  
w a s  observed, If such an increase  does e x i s t ,  i t  m u s t  not exceed 1 + 2  %. 
The results of  measurements of 1960 and 1961 f o r  Cygnus A and Taurus A 

are r e spec t ive ly  shown i n  Figs, 2 and 3 Cnext page] . The time r e l a t i v e  t o  

the  moment of source's passage through the op t i ca l  axes of the te lescopes 
iS p l o t t e d  i n  abscissa; Q. is the  d i r e c t  ascent of the source; the upper 
histograms on the  ord ina te  axes ind ica te  the  t o t a l  number N of showera 

counted i n  t h e  given time i n t e r v a l ,  
The lower curves character ize  the photomultiplier cur ren t  va r i a t ion  

which is conditioned by the  passage in the  v isua l  angle of te lescopes of 

b r i g h t e r  o r  l e s s  b r i l l a n t  stars . 
The e f f e c t i v e  area of shower r e g i s t r a t i o n ,  defined by the m a x i m u m  

s i g h t i n g  parameter f o r  which the shower is sti l l  being reg is te red ,  const i -  

t u t e s  for showers with ld.3 ev energy, rJ lo9 cm2, 
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Taking i n t o  account the s ta t is t ical  precis ion a t t a ined  (2  0.02 pulse/s) 
i t  is possible  t o  obta in  the upper threshold of  photon in t ens i ty .  According 

t o  our own data, the  photon flux f o r  the ind ica ted  objec ts  does not exceed 
1d-l photorr cm2seco1. This r e s u l t  is not i n  cont rad ic t ion  with the estimates 

of possible  flux made on the b a s i s  of da t a  on the i n t e n s i t y  of the magnetic 

f i e l d  and dens i ty  of the gas i n  t h e  Object6 123. 

19hJO' 20' 20'30" 

1961C. 

7500 

Fig. 2 Fig. 3 

It is, however, in contradict ion with the hypothesis r e l a t i v e  t o  
the e l e c t r o n s  inducing the synchrotron r ad ia t ion  of the Crab Nebul4as  being 

formed and cont inual ly  replenished at the expense of nuclear co l l i s ions .  
In t h i s  case i t  should be expected t h a t  the  flux of photon6 would be g r e a t e r  

by about a f a c t o r  of  100 than the upper threshold obtained i n  the experiment. 

Consequently, the  high-energy e lec t rons  of Crab Nebula would have been e i t h e r  
formed a t  the first s t age  of the supernova bu r s t ,  o r  accelerated even at  the 

present  time by some quite  e f f e c t i v e  meachanism. Both these explanations 

are met with concrete d i f f i c u l t i e s .  
Measurements of 1960 have revealed a r a t h e r  small, though qui te  

notable  effect  of  counting rate increase during the inves t iga t ion  of Cygnus A. 
In connection with t h i s  p r inc ipa l  a t t en t ion  w a s  given t o  t h i s  object  during 
the  1961 measurements. 70 passages of the  ob jec t  were r eg i s t e red ,  while more 

than 5OOOOO showers were counted. 

a narrow angular i n t e r v a l  ( l o )  

Being in cont rad ic t ion  with the  an t ic ipa ted  wide angular c h a r a c t e r i s t i c  

(2 2 4 3"), t h i s  f a c t  w a s  not confirmed during the recurrent  measurements 

According t o  data of 1960 t h i s  e f f e c t  w a a  most c l e a r l y  out l ined i n  
and dropped sharp ly  as t h i s  i n t e r v a l  widened. 
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of 1961. Performing the averaging i n  the wide angular i n t e r v a l ,  i t  may be 

ascer ta ined  t h a t  i n  1960 the e f f e c t  cons t i tu ted  1.6 2 0.8% f o r  Cygnus A, 

while the  1961 measurements provided t h i s  e f f e c t  with a value 0.68 2 0.28%. 
The p robab i l i t y  t h a t  i n  t h i s  case too the pos i t i ve  e f f e c t  is due t o  t h e  play 

of s t a t i s t i c s  is r a t h e r  high (2%). 

Therefore, t he  question of the exis tence of a flux of photons from 
the  ob jec t  Cygnus 2, which is detected by our i n s t a l l a t i o n  f o r  the second 

t i m e  and again a t  the threshold of s t a t i s t i c a l  p rec is ion ,  may be f i n a l l y  
c l a r i f i e d  only by subsequent experiments . 
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D I S T R I  B U T 1  O N  
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